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Thirty-nine  sources  of  eastern  redcedar  (Juniperus  virginiana  L.) 
and  15  sources  of  Rocky  Mountain  juniper  (Juniperus  scopulorum 
Sarg.),  representing  collections  from  throughout  the  Great  Plains, 
were  planted  in  1980  as  2  +  0  stock  in  south-central  Oklahonna.  Ex- 
tremely droughty  conditions  during  1980  resulted  in  77%  first-year 
mortality.  Percent  survival  of  seedlings,  by  source,  showed  a  low 
and  negative,  but  statistically  significant  (p  =  0.05)  correlation 
(r  =  -0.21)  with  mean  nursery  height.  Survival  of  Rocky  Mountain 
juniper  was  greater  (32%)  than  survival  of  eastern  redcedar  (20%). 
Analysis  of  covariance  (with  height  as  the  covariate)  of  percent  sur- 
vival by  species  showed  source  differences  in  survival  only  for 
eastern  redcedar.  Selection  of  optimum  species  and  seed  sources 
should  improve  survival  of  junipers  in  windbreak  plantings  on 
severe  sites  in  the  Great  Plains. 
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Management  Implications 

The  western  two-thirds  of  Oklahoma  is  within  the 
Great  Plains  region.  This  portion  of  the  plains  is  subject 
to  strong  and  persistent  winds,  and  cyclic  periods  of 
drought.  These  conditions  can  pose  serious  threats  to 
farmers  and  ranchers  by  eroding  soils,  by  damaging  or 
destroying  crops,  and  by  reducing  livestock  gains.  Winds 
in  excess  of  25  m.p.h.  can  cause  severe  soil  erosion 
(Roberts  and  Craighead  1961). 

Effective  tree  windbreaks  can  reduce  wind  speed  by 
half;  but,  to  establish  such  windbreaks,  the  tree  species 
used  must  demonstrate  high  survivability  under  relative- 
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ly  adverse  conditions.  Junipers  can  provide  this  needed 
protection.  However,  many  plantings  of  juniper  in  the 
southern  plains  have  failed  due,  in  part,  to  use  of  im- 
proper species  or  to  nonadapted  seed  sources  within  a 
species.  Identification  of  a  juniper  species  and  seed 
sources  within  that  species,  which  demonstrate  high  sur- 
vivability under  stress  conditions,  would  greatly  increase 
the  probability  of  establishing  effective  windbreaks  in 
the  southern  Great  Plains. 


Introduction 

Junipers  have  been  planted  in  windbreaks  in  Oklahoma 
for  almost  50  years,  and  eastern  redcedar  [Juniperus  virgi- 
niana L.)  is  a  major  component  in  many  of  them.  Per- 
formances of  Rocky  Mountain  juniper  (Juniperus 
scopulorum  Sarg.)  on  very  dry,  infertile  sites,  and  of 
eastern  redcedar  on  slightly  better  sites,  indicate  that 
both  species  are  capable  of  surviving  under  difficult  con- 
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ditions  (George  1953,  USDA  1965).  The  inherent  abUity 
of  the  junipers  to  survive  on  extreme  sites  has  resulted 
in  their  extensive  use;  they  are  often  the  only  surviving 
coniferous  species. 

Survival  of  seed  sources  of  Rocky  Mountain  juniper 
and  eastern  redcedar  seedlings  under  extremely  adverse 
conditions  was  examined  in  this  study.  The  original  ob- 
jective was  to  determine  the  suitability  of  these  species 
as  components  of  windbreaks  for  central  and  western 
Oklahoma.  The  late-season  extreme  drought,  following 
planting  in  the  spring  of  1980,  disallowed  meeting  the 
original  objective,  but  did  provide  information  on  first- 
year  survival  under  severe  stress. 

Materials  and  Methods 

The  seedlings  were  obtained  through  a  Great  Plains 
Agricultural  Council  project  in  which  seed  was  collected 
throughout  the  Great  Plains  and  sown  at  the  USDA 
Forest  Service  Bessey  Nursery  in  Halsey,  Nebr. 

The  Oklahoma  planting  of  this  study  contained  164 
open-pollinated  families  of  eastern  redcedar  and  Rocky 
Mountain  juniper  from  across  the  Great  Plains.  The  seed 
collection  represented  54  seed  zones  (sources),^  with  1 
to  5  families  per  zone  in  10  states  (fig.  1)  (Cunningham 
1975).  The  plantation  was  established  in  Stephens  coun- 
ty, 4.5  miles  east  of  Marlow,  Oklahoma,  on  an  old  field 
site.  Seedlings  were  spaced  7  feet  apart  within  rows  13 
feet  apart.  Five  replicates  were  planted.  Because  of  the 
large  size  of  the  replicates  each  was  divided  into  14 
blocks  of  families  (i.e.,  incomplete  blocks)  to  account  for 
environmental  variance  within  blocks.  Families  were 
represented  by  4-tree  linear  plots.  Grass  was  controlled 
with  a  herbicide  before  the  seedlings  were  planted. 

Seedlings  were  planted  as  2  +  0  bare-root  stock  in  April 
1980.  There  was  a  severe  drought  during  the  summer 
of  1980,  with  no  rain  in  July  and  August  and  temper- 
atures higher  than  normal  (table  1).  Rainfall  for  the  year 
was  13.8  inches  below  average.  The  drought  resulted  in 
77%  seedling  mortality.  Survival  data  were  collected  in 
April  1981,  and  percent  survival  through  the  first  year 
was  calculated. 

Statistical  analysis  included  a  simple  correlation  of 
mean  nursery  height  with  survival  on  a  seed  zone  and 
family  basis  for  the  plantation  and  by  species.  Mean 
nursery  heights  were  obtained  from  Comer  (1981)  for  99 
of  the  164  families  (42  seed  zones)  in  the  test.  Only 
families  for  which  both  mean  nursery  height  and  first- 
year  field  survival  data  were  available  were  used  in  the 
analysis.  A  covariance  analysis  was  computed  to  test  for 
survival  differences  adjusted  for  nursery  height  among 
seed  zones  by  both  species.  All  tests  of  significance  were 
at  the  p  =  0.05  probability  level. 

Results  and  Discussion 

Percent  survival  and  mean  nursery  heights  of  seedlings 
by  seed  zones  for  each  species  are  presented  in  Table 

*AII  families  wittiin  a  seed  collection  zone  were  treated  as  a  seed 
source;  thus,  in  this  paper  the  terms  zone  and  source  are  used 
interchangeably. 
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Figure  1.— Seed  collection  zones  for  Rocky  Mountain  juniper  and 
eastern  redcedar. 

2.  The  seed  zones  are  listed  from  north  to  south.  Of  the 
3,280  seedlings  planted,  23%  survived  the  first  year.  The 
average  survival  for  Rocky  Mountain  juniper  was  32%, 
with  a, range  of  0  to  50%.  Eastern  redcedar  showed  an 
average  survival  over  seed  zones  of  20%,  with  a  range 
of  0%  to  48%.  The  ranges  in  survival  of  the  two  species 
appear  similar;  however,  examination  of  survival  by  seed 
zone  revealed  that  Rocky  Mountain  juniper  was  the  bet- 
ter survivor,  as  the  means  suggest.  Seedlings  in  75%  of 
the  Rocky  Mountain  juniper  seed  zones  showed  30%  or 
higher  survival.  In  contrast,  eastern  redcedar  seedlings 
in  79%  of  the  seed  zones  represented  had  30%  or  lower 
seedling  survival. 

The  correlation  of  percent  survival  (entire  planting) 
with  mean  nursery  height  was  negative  and  statistically 
significant  (r  =  -0.53).  Correlations  by  species  (family 
basis)  showed  that  percent  survival  of  eastern  redcedar 
was  negatively  and  significantly  correlated  with  mean 
nursery  height  (r  =  -0.56).  Rocky  Mountain  juniper  also 
showed  a  negative  correlation  (r  =  -0.22)  between  sur- 
vival and  height,  but  this  was  not  statistically  significant. 
This  analysis  suggests  that  nursery  heights  affect  the  sur- 
vivability of  eastern  redcedar  seedlings  under  extreme 
drought  conditions. 

The  analysis  of  covariance  (using  nursery  height  as  a 
covariate)  for  percent  survival  showed  significant  seed 
zone  differences.  This  analysis  revealed  a  higher  survival 
for  northern  sources.  Most  of  the  northern  seed  zones 
contain  Rocky  Mountain  juniper.  The  seedlings  derived 
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Table  1.— 1980  Climatological  data  at  Marlow,  Okla.  4.5  miles  east  of  the  plantation. 


Month  Average  Departure  Rainfall  Departure      Days  >  90° 

temp. 


Jan. 

40.4 

0.0 

Feb. 

40.7 

-  4.4 

March 

49.2 

-2.8 

April 

61.8 

-  2.0 

May 

70.1 

-0.7 

June 

83.0 

+4.3 

July 

89.5 

+6.2 

Aug. 

86.9 

+3.7 

Sept. 

78.2 

+2.6 

Oct. 

62.9 

-2.2 

Nov. 

51.3 

-  1.1 

Dec. 

45.3 

+1.9 

Year 

Table  2.— Percent  survival  and  mean  nursery  height  of 
Rocky  Mountain  juniper  and  eastern  redcedar.^ 

Seed  zone  no.  Location         Survival  Mean  height^ 


^Seed  zones  are  listed  from  north  to  south  for  each  species. 
^Nursery  heights  from  Comer  (1981). 


no. 

1.28 

-fO.02 

0 

0.96 

-  0.51 

0 

1.59 

-  0.29 

0 

0.60 

-  2.37 

0 

5.12 

-0.96 

5 

1.34 

-  2.66 

23 

0.00 

-2.36 

31 

Trace 

-  2.40 

30 

3.73 

0.16 

21 

0.82 

-2.39 

0 

1.50 

-0.29 

0 

1.72 

0.27 

0 

18.66 

-  13.78 

from  trees  in  these  northern  seed  zones  were  shorter; 
a  factor  that  may  have  contributed  to  higher  percent  sur- 
vival for  Rocky  Mountain  juniper.  Shorter  seedhngs  have 
less  leaf  surface  from  which  to  transpire  moisture  in  the 
warmer,  dryer,  Oklahoma  environment.  Also,  Rocky 
Mountain  juniper  leaves  contain  more  insulating  cutin 
(weix)  than  eastern  redcedar  leaves.  Thus,  they  would  be 
expected  to  transpire  and  dessicate  less  than  eastern 
redcedar.  Shortness  may  be  a  physical  characteristic — 
an  indicator  trait — related  to  drought  resistance  achieved 
through  adaptive  differentiation. 

Analysis  of  covariance  by  species  showed  significant 
differences  among  eastern  redcedar  seed  zones  (p  =  0.05 
level).  Clinal  variation  was  suggested  by  differences 
among  seed  zones  for  eastern  redcedar.  Results  indicate 
that  seed  origin  has  an  effect  on  eastern  redcedar  sur- 
vivability and  should  be  considered  when  selection  is  ap- 
plied. The  analysis  of  covariance  showed  no  significant 
differences  among  Rocky  Mountain  juniper  seed  zones. 
Other  studies  of  Rocky  Mountain  juniper  and  eastern 
redcedar  seedling  performances  indicate  that  survival 
is  strongly  influenced  by  soil  type,  age  of  planting  stock, 
soil  texture,  and  weather  conditions  during  and  for 
several  years  after  planting  (Afanasiev,  1948,  1949a, 
1949b). 

Conclusions 

Sufficient  geographic  variation  in  first-year  survival 
exists  to  indicate  that  genetic  improvement  in  sur- 
vivability on  difficult  sites  is  possible  through  selection. 
Analyses  indicate  that  greatest  initial  gains  can  be  ob- 
tained through  source  selection.  Results  show  that  Rocky 
Mountain  juniper  seedlings  have  better  first-year  survival 
than  eastern  redcedar  seedlings  when  planted  in  south- 
central  Oklahoma.  Rocky  Mountain  juniper  had  lower 
mean  nursery  heights,  indicating  slower  initial  growth. 
Correlations  between  survival  and  mean  nursery  heights 
suggest  that  variation  in  heights  of  2  +  0  planting  stock 
affect  first-year  field  survival  in  eastern  redcedar  only. 
The  long-term  importance  of  seedling  height  when 
outplanted  in  relation  to  survival  has  yet  to  be  deter- 
mined, but  during  drought  in  the  establishment  year, 
shorter  trees  may  have  higher  survival  rates.  Reliable  in- 
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formation  on  the  effect  of  seed  origin  and  initial  nursery 
height  on  survivabiHty  can  be  obtained  only  by  field 
testing  selected  species  and  varieties. 
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